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(54) ROTARY MACHINE

(57) A rotary machine includes a rotating shaft (12)
which is rotatably provided around an axis (C), a casing
(11) which covers the rotating shaft (12) from an outside
in a radial direction (dr) and in which a gas flow path (60)
extending in a circumferential direction (Dr) is formed, a
drain pipe (54) which is connected to a lower portion in
a vertical direction of the casing (11) and communicates
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with the gas flow path (60), an adjusting valve (55) which
is provided in the drain pipe (53) and adjusts a flow state
of a fluid in the drain pipe (54), and a gas flow pipe (57)
which is connected to the drain pipe (53) at a position
closer to a connection portion between the casing (11)
and the drain pipe (54) than the adjusting valve (55) and
through which the seal gas flows.
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Description

Technical Field

[0001] The present invention relates to a rotary ma-
chine.

Background Art

[0002] In a rotary machine such as a centrifugal com-

pressor, an end portion of a rotating shaft may protrude
to an outside of a casing in order to input or output a
rotation of the rotating shaft which is rotatably provided
on the casing. In the rotary machine, it is necessary to
prevent a working fluid from leaking from a gap between
the rotating shaft and the casing to the outside of the
casing and foreign matter or the like from entering an
inside of the casing from the outside thereof. Accordingly,
in the rotary machine, a configuration in which a seal
portion is provided between the rotating shaft and the
casing is used. Particularly, in a case of the centrifugal
compressor, a dry gas seal is used as the seal portion.
[0003] The dry gas seal includes a rotating ring and a
stationary ring. The rotating ring is integrally provided
with the rotating shaft on an outer peripheral portion of
the rotating shaft. The stationaryring is fixed to the casing
and is provided to face the rotating ring in an axial direc-
tion of the rotating shaft. The stationary ring is pressed
toward the rotating ring by a coil spring or the like. Ac-
cordingly, in a state where the rotary machine stops, the
stationary ring and the rotating ring abut against each
other.

[0004] A spiral groove is formed on a surface of the
rotating ring facing the stationary ring. If the rotary ma-
chine is operated and the rotating shaft rotates, a seal
gas is introduced into a portion between the rotating ring
and the stationary ring through the spiral groove. The
stationary ring is pressed against a biasing force of the
coil spring along the axial direction of the rotating shaft
by a pressure of the seal gas. Accordingly, a minute gap
is formed between the rotating ring and the stationary
ring, and thus, leakage of an internal fluid from an inside
of the machine to an outside of the machine is minimized.
[0005] PTL 1 discloses a compressor which has a dry
gas seal including a rotating ring and a stationary ring.
This compressor includes a seal gas flow path through
which a seal gas is supplied, and a drain gas flow path
through which a drain is discharged. The drain gas flow
path is connected to a casing on a lower portion of the
rotating ring and is connected to a suction flow path con-
nected to a suction port of a compressor body. In the
compressor, the drain and the seal gas are returned to
the suction flow path through the drain gas flow path.
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Citation List
Patent Literature

[0006] [PTL 1] Japanese Unexamined Patent Applica-
tion, First Publication No. 2012-107609

Summary of Invention
Technical Problem

[0007] However, in the casing, a plurality of pipes such
as a pipe through which the seal gas is supplied, a pipe
through which a leakage gas is discharged, and a pipe
through which a collected drain is discharged are con-
nected to a portion in which the dry gas seal portion is
provided. As aresult, paths of the pipes around the casing
may be complicated. Therefore, there is a demand to
reduce the number of pipes directly connected to the cas-
ing.

[0008] The present invention provides a rotary ma-
chine capable of reducing the number of pipes directly
connected to the casing.

Solution to Problem

[0009] According to a first aspect of the present inven-
tion, a rotary machine is provided, including: a rotating
shaft which is rotatably provided around an axis extend-
ing in a horizontal direction; a casing which covers the
rotating shaft from an outside in a radial direction of the
rotating shaft and in which a gas flow path extending in
a circumferential direction of the rotating shaft is formed;
a rotating ring which integrally rotates with the rotating
shaft; a stationary ring which is provided in the casing,
abuts against the entire periphery of the rotating ring
when the rotating shaft stops, and forms a seal gap be-
tween the rotating ring and the stationary ring by a seal
gas flowing through the gas flow path when the rotating
shaft rotates; a drain pipe which is connected to a lower
portion in a vertical direction of the casing and commu-
nicates with the gas flow path; an adjusting valve which
is provided in the drain pipe and adjusts a flow state of
a fluid in the drain pipe; and a gas flow pipe which is
connected to the drain pipe at a position closer to a con-
nection portion between the casing and the drain pipe
than the adjusting valve and through which the seal gas
flows.

[0010] According to this configuration, the gas flow
pipe through which the seal gas flows is connected to
the casing via the drain pipe through which drain flows.
Accordingly, it is possible to connect the drain pipe and
the gas flow pipe to the casing by one connection portion
withoutimpairing flow states of the seal gas and the drain.
[0011] Inthe rotary machine of a second aspect of the
present invention, in the first aspect, the gas flow pipe
may be a seal gas supply pipe through which the seal
gas to be supplied to the gas flow path flows.
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[0012] In the rotary machine of a third aspect of the
present invention, in the first aspect, the gas flow pipe
may be a seal gas discharge pipe through which the seal
gas discharged from the gas flow path flows.

[0013] In the rotary machine of a fourth aspect of the
present invention, in any one of the first to third aspects,
the gas flow pipe may extend from the drain pipe in a
direction including an upper side in the vertical direction.
[0014] According to this configuration, even when the
liquid drain flowing through the drain pipe downward in
the vertical direction reaches a connection portion be-
tween the drain pipe and the gas flow pipe, the drain does
not flow in a direction including the upper side in the ver-
tical direction. Accordingly, it is possible to prevent the
drain from flowing into the gas flow pipe.

[0015] In the rotary machine of a fifth aspect of the
presentinvention, in any one of the first to fourth aspects,
a check valve may be provided in the gas flow pipe.
[0016] According to this configuration, the flow direc-
tion of the fluid in the gas flow pipe is regulated by the
check valve. Accordingly, itis possible to accurately pre-
vent the liquid drain flowing through the drain pipe from
flowing inward from the gas flow pipe.

[0017] In the rotary machine of a sixth aspect of the
present invention, in any one of the first to fifth aspects,
the drain pipe may include a window portion through
which an inside of the drain pipe is checked.

[0018] According to this configuration, an amount of
the drain in the drain pipe can be easily checked by the
window portion. Therefore, it is possible to appropriately
discharge the drain in the drain pipe.

Advantageous Effects of Invention

[0019] Accordingtothe presentinvention, itis possible
to reduce the number of pipes directly connected to the
casing.

Brief Description of Drawings
[0020]

FIG. 1 is a diagram showing a schematic configura-
tion of a rotary machine system having a compressor
as an example of a rotary machine in the present
embodiment.

FIG. 2 is a diagram showing a configuration of a gas
seal portion provided in the compressor in the
present embodiment.

FIG. 3 is a diagram showing a configuration when
the compressor and a drain pipe in the present em-
bodiment are viewed in an axial direction.

Description of Embodiments
[0021] Hereinafter,anembodimentofa rotary machine

system of the present invention will be described with
reference to the drawings.
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[0022] As shown in FIG. 1, a rotary machine system 1
includes a compressor (rotary machine) 10 and a turbine
20 which is a drive source driving the compressor 10.
[0023] Forexample, the compressor 10 is a centrifugal
compressor. The compressor 10 includes a casing 11, a
rotating shaft 12, and a seal portion 50.

[0024] The casing 11 covers the rotating shaft 12 from
an outside in a radial direction Dr of the rotating shaft 12.
The rotating shaft 12 is rotatably provided in the casing
11 around an axis C extending in a horizontal direction.
An impeller (not shown) which compresses a process
gas serving as a working fluid is fixed to the rotating shaft
12. In addition, in the present embodiment, the horizontal
direction in which the axis C extends is not limited only
to a direction completely orthogonal to the vertical direc-
tion, and the rotating shaft 12 may be inclined slightly to
an allowable degree when the compressor 10 is installed.
[0025] Moreover, hereinafter, the direction in which the
axis C of the rotating shaft 12 extends is referred to as
an axial direction Da. A radial direction of the rotating
shaft 12 based on the axis C is simply referred to as a
radial direction Dr. Moreover, a direction around the ro-
tating shaft 12 about the axis C is referred to as a cir-
cumferential direction Dc.

[0026] The seal portion 50 is provided on a suction side
(the side closer to the turbine 20 with respect to the com-
pressor 10 in the axial direction Da) of the compressor
10. The seal portion 50 is provided in a portion of the
rotating shaft 12 which penetrates an end portion of the
casing 11 and protrudes toward the outside.

[0027] Asshownin FIG. 2, the seal portion 50 includes
a plurality of dry gas seal portions 51, a plurality of laby-
rinth seal portions 52, a separation seal portion 53, a
plurality of drain pipes 54, a plurality of adjusting valves
55, and a plurality of gas flow pipes 57.

[0028] A sealgasis supplied to one of the dry gas seal
portions 51, and thus, a portion between an inside A of
the rotary machine, which is an inside of the casing 11,
and an outside B of the rotary machine, which is an out-
side of the casing 11, is sealed. Each of the dry gas seal
portions 51 includes a rotating ring 511 and a stationary
ring 513.

[0029] The rotating ring 511 is integrally rotated with
the rotating shaft 12. The rotating ring 511 is fixed to an
outer peripheral surface of the rotating shaft 12. Atubular
shaft sleeve 512 is fixed to an outer peripheral surface
of the rotating shaft 12. The rotating ring 511 is formed
in an annular shape and is fitted to the shaft sleeve 512
and is held. A spiral groove (not shown) is provided on
a surface of the rotating ring 511 facing the stationary
ring 513.

[0030] The stationaryring 513 is provided in the casing
11. The stationary ring 513 abuts against the entire pe-
riphery of the rotating ring 511 when the rotating shaft 12
stops, and a seal gap is formed between the rotating ring
511 and the stationary ring 513 by a seal gas flowing
through a gas flow path 60 when the rotating shaft 12
rotates.
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[0031] The casing 11 includes a shaft insertion hole
111 into which an end portion of the rotating shaft 12
penetrating the inside and the outside of the casing 11
is inserted. An annular retainer 514 is provided on an
inner peripheral surface of the shaft insertion hole 111.
A stationary ring 513 which can slide in the axial direction
Da of the rotating shaft 12 is provided on a concave por-
tion formed in the retainer 514. The stationary ring 513
is connected to the retainer 514 via a coil spring 515
biased toward the rotating ring 511.

[0032] Therotatingring511 and the stationaryring513
are provided to face each other in the axial direction Da
ofthe rotating shaft 12. The stationary ring 513 is pressed
toward the rotating ring 511 by the coil spring 515.
[0033] The dry gas seal portion 51 of the present em-
bodiment includes a first dry gas seal portion 51a and a
second dry gas seal portion 51b. The first dry gas seal
portion 51a is positioned closer to the inside A of the
rotary machine in the casing 11 along the axial direction
Da of the rotating shaft 12 than the second dry gas seal
portion 51b. A portion of a process gas as the seal gas
which is compressed in the compressor 10 is supplied
to the first dray gas seal portion 51a through a filter. A
gaseous inert gas such as nitrogen having a pressure
lower than a pressure of the process gas is supplied to
the second dry gas seal portion 51b as the seal gas.
[0034] A portion between the labyrinth seal portion 52
and the outer peripheral surface of the rotating shaft 12
is sealed by a plurality of seal pins. The labyrinth seal
portion 52 of the present embodiment includes a first lab-
yrinth seal portion 52a and a second labyrinth seal portion
52b. Thefirstlabyrinth seal portion 52a is disposed closer
to the inside A of the rotary machine in the axial direction
Da than the second dry gas seal portion 51b. The second
labyrinth seal portion 52b is disposed between the first
dry gas seal potion 51a and the second dry gas seal
portion 51b in the axial direction Da.

[0035] The separation seal portion 53 supplies a gas-
eous separation gas as the seal gas and prevents a lu-
bricant used in a bearing positioned closer to the outside
B of the rotary machine than the separation seal portion
53 from entering the dry gas seal portion 51. The sepa-
ration gas may be an inert gas such as nitrogen.

[0036] In the seal portion 50 of the present embodi-
ment, the first labyrinth seal portion 52a, the first dry gas
seal portion 51a, the second labyrinth seal portion 52b,
the second dry gas seal portion 51b, and the separation
seal portion 53 are arranged in this order from the inside
A of the rotary machine to the outside B of the rotary
machine in the casing 11 along the axial direction Da.
[0037] In the shaftinsertion hole 111, a first space S1
is formed between the first labyrinth seal portion 52a and
the first dry gas seal portion 51a. The rotating shaft 12
is inserted into the shaft insertion hole 111, and thus, a
plurality of the first spaces S1 are formed to be separated
from each other on a circumference about the axis C
when viewed in the axial direction Da. The seal gas flow-
ing into the first dry gas seal portion 51a flows through
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the first space S1.

[0038] In the shaftinsertion hole 111, a second space
S2 is formed between the first dry gas seal portion 51a
and the second labyrinth seal portion 52b. The rotating
shaft 12 is inserted into the shaft insertion hole 111, and
thus, a plurality of the second spaces S2 are formed to
be separated from each other on the circumference about
the axis C when viewed in the axial direction Da. The
seal gas flowing out from the first dry gas seal portion
51a flows through the second space S2.

[0039] Inthe shaftinsertion hole 111, a third space S3
is formed between the second labyrinth seal portion 52b
and the second dry gas seal portion 51b. The rotating
shaft 12 is inserted into the shaft insertion hole 111, and
thus, a plurality of the third spaces S3 are formed to be
separated from each other on the circumference about
the axis C when viewed in the axial direction Da. The
seal gas flowing into the second dry gas seal portion 51b
flows through the third space S3.

[0040] In the shaft insertion hole 111, a fourth space
S4 is formed between the second dry gas seal portion
51b and the separation seal portion 53. The rotating shaft
12 is inserted into the shaft insertion hole 111, and thus,
a plurality of the fourth spaces S4 are formed to be sep-
arated from each other on the circumference about the
axis C when viewed in the axial direction Da. The seal
gas flowing out from the second dry gas seal portion 51b
flows through the fourth space S4.

[0041] Moreover, the gas flow path 60 extending in the
circumferential direction Dc of the rotating shaft 12 is
formed in the casing 11. The gas flow path 60 of the
present embodiment is formed to surround the shaft in-
sertion hole 111 from the outside in the radial direction
Dr. The gas flow path 60 is formed in an annular shape
about the axis C. In the present embodiment, as the gas
flow path 60, a first gas flow path 60a communicating
with the first space S1, a second gas flow path 60b com-
municating with the second space S2, a third gas flow
path 60c communicating with the third space S3, a fourth
gas flow path 60d communicating with the fourth space
S4, and a fifth gas flow path 60e communicating with the
separation seal portion 53 are formed in the casing 11.
[0042] The first gas flow path 60a is formed in an an-
nular shape so as to surround the first space S1 from the
outside. The first gas flow path 60a is open in a plurality
of locations on the inner peripheral surface of the shaft
insertion hole 111. That is, the first gas flow path 60a
communicates with the first space S1 at the plurality of
locations in the circumferential direction Dc.

[0043] The second gas flow path 60b is formed in an
annular shape to surround the second space S2 from the
outer peripheral side in a position closer to the outside B
of the rotary machine in the axial direction Da than the
first gas flow path 60a. The second gas flow path 60b is
open in a plurality of locations on the inner peripheral
surface of the shaftinsertion hole 111. Thatis, the second
gas flow path 60b communicates with the second space
S2 at the plurality of locations in the circumferential di-
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rection Dc.

[0044] The third gas flow path 60c is formed in an an-
nular shape to surround the third space S3 from the outer
peripheral side in a position closer to the outside B of the
rotary machine in the axial direction Da from the second
gas flow path 60b. The third gas flow path 60c is open in
a plurality of locations on the inner peripheral surface of
the shaft insertion hole 111. That is, the third gas flow
path 60c communicates with the third space S3 at the
plurality of locations in the circumferential direction Dc.

[0045] The fourth gas flow path 60d is formed in an
annular shape to surround the fourth space S4 from the
outer peripheral side in a position closer to the outside B
of the rotary machine in the axial direction Da than the
third gas flow path 60c. The fourth gas flow path 60d is
open in a plurality of locations on the inner peripheral
surface of the shaftinsertion hole 111. That is, the fourth
gas flow path 60d communicates with the fourth space
S4 at the plurality of locations in the circumferential di-
rection Dc.

[0046] The fifth gas flow path 60e is formed in an an-
nular shape to surround the separation seal portion 53
from the outer peripheral side in a position closer to the
outside B of the rotary machine in the axial direction Da
than the fourth gas flow path 60d. The fifth gas flow path
60e is open in a plurality of locations on the inner periph-
eral surface of the shaft insertion hole 111. That is, the
fifth gas flow path 60e communicates with the separation
seal portion 53 at the plurality of locations in the circum-
ferential direction Dc.

[0047] The drain pipe 54 is connected to the gas flow
path 60. A drain collected in the gas flow path 60 is dis-
charged to the outside through the drain pipe 54. An op-
eration of the compressor 10 stops, a temperature or a
pressure in the shaft insertion hole 111 decreases, and
thus, the seal gas is liquefied, and the drain may be gen-
erated. As shownin FIG. 3, the drain pipe 54 is connected
to a lower portion of the casing 11 in the vertical direction.
The drain pipe 54 communicates with the gas flow path
60 in the casing 11. An end portion of the drain pipe 54
which is not connected to the casing 11 is connected to
the outside. The drain pipe 54 extends straight in a di-
rection including a downward direction in the vertical di-
rection from a connection portion between the drain pipe
54 and the casing 11. It is preferable that the drain pipe
54 extend downward from the connection portion be-
tween the drain pipe 54 and the casing 11 rather than in
the horizontal direction. Here, the lower portion in the
vertical direction may include not only a lowest portion in
the vertical direction but also a predetermined region in-
cluding the lowest portion in the vertical direction. In ad-
dition, in the drain pipe 54 of the present embodiment is
connected to the lowest portion of the casing 11 in the
vertical direction.

[0048] As shown in FIGS. 2 and 3, the drain pipe 54
includes an adjusting valve 55 and a sight glass (window
portion) 56. The adjusting valve 55 adjusts a flow state
of afluid in the drain pipe 54. In the present embodiment,
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the adjusting valve 55 is opened from a closed state in
a manual manner, and thus, the drain in the drain pipe
54 flows toward the outside which is a portion below the
adjusting valve 55 in the vertical direction.

[0049] The inside of the drain pipe 54 can be checked
by the sight glass 56. The sight glass 56 is provided at a
position closer to the connection portion between the cas-
ing 11 and the drain pipe 54 than the adjusting valve 55.
It is preferable that the sight glass 56 be provided at a
position capable of checking an on and/or off state of the
adjusting valve 55.

[0050] AsshowninFIG.2,inthe presentembodiment,
the drain pipe 54 includes afirst drain pipe 54a, a second
drain pipe 54b, a third drain pipe 54c, a fourth drain pipe
54d, and a fifth drain pipe 54e.

[0051] The first drain pipe 54a is connected to the first
gas flow path 60a. The first drain pipe 54a communicates
with the first gas flow path 60a at the lowest portion of
the casing 11 in the vertical direction. The first drain pipe
54a extends straight downward in the vertical direction.
The first drain pipe 54a includes a first adjusting valve
55a as the adjusting valve 55. The first drain pipe 54a
includes a first sight glass 56a as the sight glass 56. The
first sight glass 56a is provided closer to the casing 11
side than the first adjusting valve 55a.

[0052] The second drain pipe 54b is connected to the
second gas flow path 60b. The second drain pipe 54b
communicates with the second gas flow path 60b at the
lowest portion of the casing 11 in the vertical direction.
The second drain pipe 54b extends straight downward
in the vertical direction. The second drain pipe 54b in-
cludes a second adjusting valve 55b as the adjusting
valve 55. The second drain pipe 54b includes a second
sight glass 56b as the sight glass 56. The second sight
glass 56b is provided closer to the casing 11 side than
the second adjusting valve 55b.

[0053] The third drain pipe 54cis connected to the third
gas flow path 60c. The third drain pipe 54c communicates
with the third gas flow path 60c at the lowest portion of
the casing 11 in the vertical direction. The third drain pipe
54c extends straight downward in the vertical direction.
The third drain pipe 54c includes a third adjusting valve
55c as the adjusting valve 55. The third drain pipe 54c
includes a third sight glass 56c as the sight glass 56. The
third sight glass 56¢ is provided closer to the casing 11
side than the third adjusting valve 55c.

[0054] The fourth drain pipe 54d is connected to the
fourth gas flow path 60d. The fourth drain pipe 54d com-
municates with the fourth gas flow path 60d at the lowest
portion of the casing 11 in the vertical direction. The fourth
drain pipe 54d extends straight downward in the vertical
direction. The fourth drain pipe 54d includes a fourth ad-
justing valve 55d as the adjusting valve 55. The fourth
drain pipe 54d includes a fourth sight glass 56d as the
sight glass 56. The fourth sight glass 56d is provided
closerto the casing 11 side than the fourth adjusting valve
55d.

[0055] The fifth drain pipe 54e is connected to the fifth
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gas flow path 60e. The fifth drain pipe 54e communicates
with the fifth gas flow path 60e at the lowest portion of
the casing 11 in the vertical direction. The fifth drain pipe
54e extends straight downward in the vertical direction.
The fifth drain pipe 54e includes a fifth adjusting valve
55e as the adjusting valve 55. The fifth drain pipe 54e
includes a fifth sight glass 56e as the sight glass 56. The
fifth sight glass 56e is provided closer to the casing 11
side than the fifth adjusting valve 55e.

[0056] AsshowninFIG. 3, the gas flow pipe 57 through
which the seal gas flows is connected to the drain pipe
54.The gas flow pipe 57 is a pipe through which the seal
gas to be supplied to the gas flow path 60 or the seal gas
discharged from the gas flow path 60 flows. The gas flow
pipe 57 is connected to the drain pipe 54 at a position
closer to the connection portion between the casing 11
and the drain pipe 54 than the adjusting valve 55. The
gas flow pipe 57 extends in a direction including an upper
side in the vertical direction from the drain pipe 54. Spe-
cifically, in the present embodiment, the gas flow pipe 57
is inclined to extend upward with respect to the horizontal
direction from a connection portion between the drain
pipe 54 and the gas flow pipe 57. The gas flow pipe 57
includes a check valve 58 which limits a flow direction of
the seal gas flowing through the gas flow pipe 57 to one
side.

[0057] AsshowninFIG.2,inthe presentembodiment,
the seal portion 50 includes a first seal gas supply pipe
57a, a first seal gas discharge pipe 57b, a second seal
gas supply pipe 57c¢, a second seal gas discharge pipe
57d, and a separation gas supply pipe 57e, as the gas
flow pipe 57.

[0058] The seal gas to be supplied to the first gas flow
path 60a flows through the first seal gas supply pipe 57a.
Accordingly, the seal gas is supplied to the seal gap of
the first dry gas seal portion 5a through the first seal gas
supply pipe 57a. A portion of the process gas com-
pressed by the compressor 10 is supplied as the seal
gas through the first seal gas supply pipe 57a. The first
seal gas supply pipe 57a is connected to the first drain
pipe 54a. In the present embodiment, the first seal gas
supply pipe 57a is connected to the first drain pipe 54a
at a position closer to the connection portion between
the casing 11 and the first drain pipe 54a than the first
sight glass 56a and the first adjusting valve 55a. The first
seal gas supply pipe 57a extends obliquely upward from
the first drain pipe 54a. A first check valve 58a which
allows only a flow of the seal gas toward the first drain
pipe 54ais provided in the first seal gas supply pipe 57a.
The seal gas is supplied to the first dry gas seal portion
51a via the first drain pipe 54a, the first gas flow path
60a, and the first space S1 through the first seal gas
supply pipe 57a.

[0059] The seal gas discharged from the second gas
flow path 60b flows through the first seal gas discharge
pipe 57b. Accordingly, the seal gas which has flowed
through the seal gap of the first dry gas seal portion 51a
is discharged through the first seal gas discharge pipe
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57b. The first seal gas discharge pipe 57b is connected
to a flare stack (not shown). Moreover, in the flare stack,
the seal gas is incinerated and is discharged to the out-
side. In the first seal gas discharge pipe 57b, an end
portion which is not connected to the flare stack is con-
nected to the second drain pipe 54b. In the present em-
bodiment, the first seal gas discharge pipe 57b is con-
nected to the second drain pipe 54b at a position closer
to the connection portion between the casing 11 and the
second drain pipe 54b than the second sight glass 56b
and the second adjusting valve 55b. The first seal gas
discharge pipe 57b extends obliquely upward from the
second drain pipe 54b. A second check valve 58b which
allows only a flow of the seal gas from the second drain
pipe 54b toward the flare stack is provided in the first seal
gas discharge pipe 57b. That is, the second check valve
58b allows the flow of the seal gas in a direction opposite
to the flow of the seal gas allowed by the first check valve
58a. The seal gas discharged from the first dry gas seal
portion 51a is discharged through the first seal gas dis-
charge pipe 57b via the second space S2, the second
gas flow path 60b, and the second drain pipe 54b.
[0060] The seal gas to be supplied to the third gas flow
path 60c flows through the second seal gas supply pipe
57c. Accordingly, the seal gas is supplied to the seal gap
ofthe second dry gas seal portion 51b through the second
seal gas supply pipe 57c. Aninert gas is supplied as the
seal gas through the second seal gas supply pipe 57c.
The second seal gas supply pipe 57cis connected to the
third drain pipe 54c. In the present embodiment, the sec-
ond seal gas supply pipe 57c¢ is connected to the third
drain pipe 54c at a position closer to the connection por-
tion between the casing 11 and the third drain pipe 54c
than the third sight glass 56c¢ and the third adjusting valve
55c. The second seal gas supply pipe 57c extends ob-
liquely upward from the third drain pipe 54c. A third check
valve 58c which allows only a flow of the seal gas toward
the third drain pipe 54c is provided in the second seal
gas supply pipe 57c. The third check valve 58c allows
the flow of the seal gas in the same direction as that of
the flow of the seal gas allowed by the first check valve
58a. The seal gas is supplied to the second dry gas seal
portion 51b via the third drain pipe 54c, the third gas flow
path 60c, and the third space S3 through the second seal
gas supply pipe 57c.

[0061] The seal gas discharged from the fourth gas
flow path 60d flows through the second seal gas dis-
charge pipe 57d. Accordingly, the seal gas which has
flowed through the seal gap of the second dry gas seal
portion 51b is discharged through the second seal gas
discharge pipe 57d. The second seal gas discharge pipe
57d is connected to a vent. In the second seal gas dis-
charge pipe 57d, an end portion which is not connected
to the vent is connected to the fourth drain pipe 54d. In
the present embodiment, the second seal gas discharge
pipe 57d is connected to the fourth drain pipe 54d at a
position closer to the connection portion between the cas-
ing 11 and the fourth drain pipe 54d than the fourth sight
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glass 56d and the fourth adjusting valve 55d. The second
seal gas discharge pipe 57d extends obliquely upward
from the fourth drain pipe 54d. A fourth check valve 58d
which allows only a flow of the seal gas from the fourth
drain pipe 54d toward the vent is provided in the second
seal gas discharge pipe 57d. That is, the fourth check
valve 58d allows the flow of the seal gas in the same
direction as that of the flow of the seal gas allowed by
the second check valve 58b. The seal gas discharged
from the second dry gas seal portion 51b is discharged
through the second seal gas discharge pipe 57d via the
fourth space S4, the fourth gas flow path 60d, and the
fourth drain pipe 54d.

[0062] The seal gas to be supplied to the fifth gas flow
path 60e flows through the separation gas supply pipe
57e. Accordingly, the seal gas is supplied to the separa-
tion seal portion 53 through the separation gas supply
pipe 57e. Aninert gas is supplied through the separation
gas supply pipe 57e as the seal gas. The separation gas
supply pipe 57e is connected to the fifth drain pipe 54e.
In the present embodiment, the separation gas supply
pipe 57e is connected to the fifth drain pipe 54e at a
position closer to the connection portion between the cas-
ing 11 and the fifth drain pipe 54e than the fifth sight glass
56e and the fifth adjusting valve 55e. The separation gas
supply pipe 57e extends obliquely upward from the fifth
drain pipe 54e. A fifth check valve 58e which allows only
the flow of the seal gas toward the fifth drain pipe 54e is
provided in the separation gas supply pipe 57e. The fifth
check valve 58e allows the flow of the seal gas in the
same direction as that of the flow of the seal gas allowed
by the first check valve 58a. The seal gas is supplied to
the separation seal portion 53 through the separation gas
supply pipe 57e via the fifth drain pipe 54e and the fifth
gas flow path 60e.

[0063] In the above-described compressor 10, in the
first dry gas seal portion 51a and the second dry gas seal
portion 51b, the stationary ring 513 and the rotating ring
511 abut against each other in a state where the com-
pressor 10 stops. According to the operation of the com-
pressor 10, a portion of the compressed process gas is
fed to the first seal gas supply pipe 57a as the seal gas.
The first adjusting valve 55a is closed, and thus, the seal
gas which has flowed through the first seal gas supply
pipe 57a flows into the first gas flow path 60a through
the first drain pipe 54a. The seal gas which has flowed
into the first gas flow path 60a is supplied to the first dry
gas seal portion 51a via the first space S1. If the com-
pressor 10 is operated and the rotating shaft 12 is rotated,
the seal gas is introduced to a portion between the rotat-
ing ring 511 and the stationary ring 513 from the first
space S1 through the spiral groove provided on the sur-
face of the rotating ring 511. The stationary ring 513 is
pressed toward the outside B of the rotary machine along
the axial direction Da of the rotating shaft 12 against the
biasing force of the coil spring 515 by a pressure of the
seal gas. Accordingly, a minute seal gap is formed be-
tween the rotating ring 511 and the stationary ring 513.
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In this way, the minute gap is formed in the first dry gas
seal portion 51a, and thus, a portion between the rotating
shaft 12 and the casing 11 is sealed by the first dry gas
seal portion 51a. Moreover, the seal gas which has
flowed into the first space S1 flows to the inside A of the
rotary machine through the first labyrinth seal portion
52a, and a portion of the seal gas flows toward the outside
B of the rotary machine through the first dry gas seal
portion 51a. A portion of the seal gas which has flowed
through the first dry gas seal portion 51a flows into the
second gas flow path 60b via the second space S2. The
seal gas which has flowed to the second gas flow path
60b is fed to the second drain pipe 54b. The seal gas
which has flowed through the second drain pipe 54b is
fed to the flare stack through the first seal gas discharge
pipe 57b by closing the second adjusting valve 55b.
[0064] Similarly, the inert gas is fed from a supply
source (not shown) to the second seal gas supply pipe
57c as the seal gas. The seal gas which has flowed
through the second seal gas supply pipe 57c flows to the
third gas flow path 60c through the third drain pipe 54c
by closing the third adjusting valve 55c. The seal gas
which has flowed into the third gas flow path 60c is sup-
plied to the second dry gas seal portion 51b via the third
space S3. If the compressor 10 is operated and the ro-
tating shaft 12 is rotated, the seal gas is introduced from
the third space S3 to a portion between the rotating ring
511 and the stationary ring 513 by the spiral groove pro-
vided on the surface of the rotating ring 511. The station-
ary ring 513 is pressed toward the outside B of the rotary
machine along the axial direction Da of the rotating shaft
12 against the biasing force of the coil spring 515 by a
pressure of the seal gas. Accordingly, a minute seal gap
is formed between the rotating ring 511 and the stationary
ring 513. In this way, the minute gap is formed in the
second dry gas seal portion 51b, and thus, a portion be-
tween the rotating shaft 12 and the casing 11 is sealed
by the second dry gas seal portion 51b. Moreover, the
seal gas which has flowed into the third space S3 flows
into the second space S2 protruding toward the inside A
of the rotary machine through the second labyrinth seal
portion 52b, and a portion of the seal gas flows toward
the outside B of the rotary machine through the second
dry gas seal portion 51b. The seal gas which has flowed
into the second space S2 is fed to the flare stack via the
second drain pipe 54b. Moreover, the seal gas which has
flowed through the second dry gas seal portion 51b flows
into the fourth gas flow path 60d via the fourth space S4.
The seal gas which has flowed into the fourth gas flow
path 60d is fed to the fourth drain pipe 54d. The seal gas
which has flowed into the fourth drain pipe 54d is fed to
the vent through the second seal gas discharge pipe 57d
by closing the fourth adjusting valve 55d.

[0065] Moreover, an inert gas is fed from a supply
source (not shown) to the separation gas supply pipe 57e
as the seal gas. The seal gas which has flowed through
the separation gas supply pipe 57e flows into the fifth
gas flow path 60e through the fifth drain pipe 54e by clos-
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ing the fifth adjusting valve 55e. The seal gas which has
flowed through the fifth gas flow path 60e is supplied to
the separation seal portion 53. After the seal gas supplied
to the separation seal portion 53 is used to seal the portion
between the rotating shaft 12 and the casing 11, the seal
gas flows to the fourth space S4 or the outside B of the
rotary machine.

[0066] Moreover, the compressor 10 stops and a tem-
perature or a pressure in the shaft insertion hole 111
decreases, and thus, the seal gas is liquefied and the
drain is generated. Specifically, the first space S1 will be
described as an example. The drain generated in the first
space s1 enters the first gas flow path 60a. Thereafter,
a liquid drain is collected in a lower side of the first gas
flow path 60a in the vertical direction. The collected drain
flows into the first drain pipe 54a connected to the lowest
portion of the first gas flow path 60a in the vertical direc-
tion. The drain flowing through the first drain pipe 54a
downward in the vertical direction is collected around the
firstadjusting valve 55a by closing the first adjusting valve
55a. Similarly, the drain collected in the second gas flow
path 60b, the third gas flow path 60c, the fourth gas flow
path 60d, and the fifth gas flow path 60e flows into the
second drain pipe 54b, the third drain pipe 54c, the fourth
drain pipe 54d, and the fifth drain pipe 54e, respectively.
Thus, the drain is collected around the adjusting valve
55. In this state, the drain is discharged to the outside by
opening each adjusting valve 55.

[0067] As described above, according to the compres-
sor 10, the gas flow pipe 57 is connected to the casing
11 via the drain pipe 54. Specifically, the first seal gas
supply pipe 57a will be described as an example. The
first seal gas supply pipe 57a through which the seal gas
flows is connected to the casing 11 via the first drain pipe
54a through which the drain flows. Since the first drain
pipe 54a is connected to the lower portion of the casing
11 in the vertical direction, the drain collected in the first
gas flow path 60a can flow to the firstdrain pipe 54a using
gravity. In addition, the seal gas which flows through the
first seal gas supply pipe 57a is a gas, and thus, the seal
gas is not influenced even when the drain is supplied
from the lower portion of the casing 11 in the vertical
direction. Accordingly, it is possible to connect the first
drain pipe 54a and the first seal gas supply pipe 57a to
the casing 11 by one connection portion withoutimpairing
the flow states of the seal gas and the drain with respect
to the first gas flow path 60a. Therefore, it is possible to
reduce the number of pipes directly connected to the cas-
ing 11. That is, it is possible to prevent the first drain pipe
54a and the first seal gas supply pipe 57a from being
respectively connected to the casing 11 at different po-
sitions, and to prevent the number of the connection por-
tions of the pipes in the casing 11 from increasing. In
addition, in the first seal gas discharge pipe 57b, the sec-
ond seal gas supply pipe 57c, the second seal gas dis-
charge pipe 57d, and the separation gas supply pipe 57e,
similar effects are exerted.

[0068] In addition, with respect to the drain pipe 54
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extending downward in the vertical direction, the gas flow
pipe 57 is inclined upward with respect to the horizontal
direction. Specifically, the first seal gas supply pipe 57a
will be described as an example. Even when the drain
flowing through the first drain pipe 54a downward in the
vertical direction toward the first adjusting valve 55a
reaches the connection portion between the first drain
pipe 54a and the first seal gas supply pipe 57a, the drain
does not flow obliquely upward. With respect to this, the
first seal gas supply pipe 57a extends obliquely upward
from the first drain pipe 54a extending downward in the
vertical direction. Accordingly, it is possible to prevent
the drain from flowing into the first seal gas supply pipe
57a.Evenwhenthefirstseal gas supply pipe 57a extends
upward, a flow state of the seal gas is not easily influ-
enced. Accordingly, it is possible to effectively discharge
the drain without impairing the flow state of the seal gas.
In addition, in the first seal gas discharge pipe 57b, the
second seal gas supply pipe 57c, the second seal gas
discharge pipe 57d, and the separation gas supply pipe
57e, similar effects are exerted. Accordingly, itis possible
to prevent the drain from flowing into the supply source
or a discharge destination of the seal gas without impair-
ing the flow states of the seal gas and the drain.

[0069] Particularly, like the first seal gas discharge pipe
57b through which the seal gas is discharged and the
first drain pipe 54a, in a case where the pipes having the
same flow directions of the drain and the seal gas are
connected to each other, even when the first seal gas
discharge pipe 57b extends obliquely upward, the flow
of the seal gas is not inhibited.

[0070] Moreover, each check valve 58 is provided in
each gas flow pipe 57. Specifically, the first seal gas sup-
ply pipe 57a will be described as an example. The first
check valve 58a is provided in the first seal gas supply
pipe 57a. Accordingly, even if the drain flows into the first
seal gas supply pipe 57a, it is possible to prevent the
drain flowing inward from the first check valve 58a. In the
first check valve 58a, the flow of the seal gas forward of
the first drain pipe 54a is not inhibited. Similarly, in the
first seal gas discharge pipe 57b, the second seal gas
supply pipe 57¢, the second seal gas discharge pipe 57d,
and the separation gas supply pipe 57e, similar effects
are exerted. Accordingly, it is possible to accurately pre-
vent the liquid drain flowing through the drain pipe 54
from flowing inward from the gas flow pipe without inhib-
iting the flow state of the seal gas.

[0071] In addition, each sight glass 56 is provided in
each drain pipe 54. Specifically, the first drain pipe 54a
will be described as an example. In the first drain pipe
54a, the first sight glass 56a is provided in the vicinity of
the first adjusting valve 55a. Accordingly, an amount of
the drain in the first drain pipe 54a collected around the
firstadjusting valve 55ais visually recognized by the sight
glass 56, and thus, it is possible to easily check the
amount. Accordingly, it is possible to open the first ad-
justing valve 55a in a state where the drain having a cer-
tain amount is collected in the first drain pipe 54a. More-
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over, the sight glass 56 is provided in each of the second
drain pipe 54b, the third drain pipe 54c, the fourth drain
pipe 54d, and the fifth drain pipe 54e, and thus, similar
effects are exerted. Therefore, it is possible to appropri-
ately discharge the drain in the drain pipe 54.

[0072] Although the embodiment of the presentinven-
tion has been described above in detail with reference
to the drawings, the respective configurations and com-
binations thereof in each embodiment are merely exam-
ples, and additions, omissions, substitutions, and other
changes of configurations are possible within a scope
which does not depart from the gist of the presentinven-
tion. In addition, the present invention is not limited by
the embodiment, but is limited by only the claims.
[0073] Moreover,inthe above-described embodiment,
the compressor 10 is exemplified as the rotary machine.
However, the present invention is not limited to this. For
example, the rotary machine may be various turbines 20
or electric motors.

[0074] In addition, the drain pipe 54 is not limited to the
drain pipe 54 extending straight from the lowest portion
of the casing 11 in the vertical direction. The drain pipe
54 may extend to be inclined downward in the horizontal
direction and the vertical direction from a position slightly
deviated from the lowest portion of the casing 11 in the
vertical direction.

Industrial Applicability

[0075] According to the above-described compressor
10, it is possible to reduce the number of pipes directly
connected to the casing 11.

Reference Signs List
[0076]

1: rotary machine system
10: compressor

11: casing

111: shaft insertion hole
60: gas flow path

60a: first gas flow path
60b: second gas flow path
60c: third gas flow path
60d: fourth gas flow path
60e: fifth gas flow path

12: rotating shaft

C: axis

50: seal portion

51: dry gas seal portion
511: rotating ring

512: shaft sleeve

513: stationary ring

514: retainer

515: coil spring

51a: first dry gas seal portion
51b: second dry gas seal portion

10

15

20

25

30

35

40

45

50

55

52: labyrinth seal portion

52a: first labyrinth seal portion
52b: second labyrinth seal portion
53: separation seal portion

S 1: first space

S2: second space

S3: third space

S4: fourth space

54: drain pipe

54a: first drain pipe

54b: second drain pipe

54c: third drain pipe

54d: fourth drain pipe

54e: fifth drain pipe

55: adjusting valve

55a: first adjusting valve

55b: second adjusting valve
55c: third adjusting valve

55d: fourth adjusting valve

55e: fifth adjusting valve

56: sight glass

56a: first sight glass

56b: second sight glass

56c¢: third sight glass

56d: fourth sight glass

56e: fifth sight glass

57: gas flow pipe

58: check valve

57a: first seal gas supply pipe
58a: first check valve

57b: first seal gas discharge pipe
58b: second check valve

57c: second seal gas supply pipe
58c: third check valve

57d: second seal gas discharge pipe
58d: fourth check valve

57e: separation gas supply pipe
58e: fifth check valve

20: turbine

Da: axial direction

Dr: radial direction

Dc: circumferential direction

A: inside of rotary machine

B: outside of rotary machine

Claims
1. A rotary machine comprising:

a rotating shaft which is rotatably provided
around an axis extending in a horizontal direc-
tion;

a casing which covers the rotating shaft from an
outside in a radial direction of the rotating shaft
and in which a gas flow path extending in a cir-
cumferential direction of the rotating shaft is
formed;
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a rotating ring which integrally rotates with the
rotating shaft;

a stationary ring which is provided in the casing,
abuts against the entire periphery of the rotating
ring when the rotating shaft stops, and forms a
seal gap between the rotating ring and the sta-
tionary ring by a seal gas flowing through the
gas flow path when the rotating shaft rotates;
adrain pipe whichis connected to alower portion
in a vertical direction of the casing and commu-
nicates with the gas flow path;

an adjusting valve which is provided in the drain
pipe and adjusts a flow state of a fluid in the drain
pipe; and

a gas flow pipe which is connected to the drain
pipe at a position closer to a connection portion
between the casing and the drain pipe than the
adjusting valve and through which the seal gas
flows.

The rotary machine according to Claim 1,

wherein the gas flow pipe is a seal gas supply pipe
through which the seal gas to be supplied to the gas
flow path flows.

The rotary machine according to Claim 1,

wherein the gas flow pipe is a seal gas discharge
pipe through which the seal gas discharged from the
gas flow path flows.

The rotary machine according to any one of Claims
1to 3,

wherein the gas flow pipe extends from the drain
pipe in a direction including an upper side in the ver-
tical direction.

The rotary machine according to any one of Claims
1 to 4,
wherein a check valve is provided in the gas flow

pipe.

The rotary machine according to any one of Claims
1to 5,

wherein the drain pipe includes a window portion
through which an inside of the drain pipe is checked.
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